Background/Aims: The imbalance of Treg/Th17 cells plays important role in the pathogenesis of dilated cardiomyopathy (DCM). Response gene to complement (RGC)-32 is a cell cycle regulator that plays an important role in cell proliferation. We evaluated whether the upregulation of RGC-32 was implicated in the homeostasis of Treg/Th17 cells in DCM.
Introduction
Dilated cardiomyopathy (DCM) is a primary myocardial disorder characterized by ventricular chamber enlargement and systolic dysfunction of the left and/or right ventricle. The disease progression of DCM is highly diverse due to its aetiological and pathophysiological heterogeneity [1] , and now appropriate treatment of DCM remains a major clinical challenge [2] . Although the immunopathogenesis of DCM remains unclear, current clinical and experimental evidence has suggested that immune activation and the consequential inflammatory response in the myocardium may be involved in the development and progression of DCM [3, 4] .
Response gene to complement (RGC)-32 is a novel molecule that may promote cell cycle progression in response to complement activation and has been implicated in proliferation of aortic smooth muscle cells [5] . The expression of RGC-32 was detected in placenta, liver, skeletal muscle, kidney, heart, brain, and pancreas. The mRNA was also detected in human aortic endothelial cells and JY25 B lymphoblastoid line and serum [5, 6] . In addition, increased expression of RGC-32 is found in the PBMCs and CD4 cells of patients with stable relapsingremitting multiple sclerosis (MS) [7] . Recently, Tegla et al. [7] reported that RGC-32 is upregulated in TCR-stimulated mouse CD4 + T cells. In RGC-32-deficient mice, demonstrated that RGC-32 -/-CD4 + T cells exhibited enhanced proliferation, IL-2 production, and Akt phosphorylation as compared with RGC-32 +/+ CD4 + T cells, suggesting a down-regulatory role of RGC-32 under Th0 conditions [7] . Tegla and Vlaicu et al. reported increased expression of RGC-32 protein in macrophages, T cells, and astrocytes in the brain of patients with multiple sclerosis (MS) and in the colonic mucosa of patients with inflammatory bowel disease [8, 9] .
Cellular and humoral autoimmunity have been involved in the pathological process of DCM, such as antibodies against the catalytic α-subunit of sarcolemmal Na-K-ATPase, which were known to play a role in the pathophysiology of DCM [10, 11] . Th17 cells (mainly related cytokines IL-17, IL-22) account for pro-inflammatory immune responses but damaging tissue, and Treg cells (mainly related cytokines TGF-β1, IL-10) control inflammatory immune responses but hindering anti-inflammatory immunity. The mounting evidence indicates that two subsets of CD4 + T cells (i.e., Th17 and Treg cells) play an important role in the immunopathogenesis of inflammatory diseases, such as idiopathic DCM, MS, experimental autoimmune encephalomyelitis (EAE), and autoimmune thyroid diseases (AITDs) [12] [13] [14] . The work by Baldeviano et al. suggested a pivotal role for IL-17 in the progression to DCM in an experimental autoimmune model of myocarditis in mice, promoting a fibrotic response [15] . A higher proportion of Treg cells has been shown to be protective against both viral and autoimmune myocarditis in mouse models. Interestingly, further work by Chen et al. demonstrated that in autoimmune myocarditis a lower proportion of Treg cells was associated with a greater Th17 response and more severe autoimmune myocarditis [16] . An imbalance between Treg and Th17 cells has recently been observed in idiopathic DCM [12, 17] . In the study by Rus et al., the proportion of Th17 was significantly decreased in RGC-32-deficient CD4 + T cells under Th17 polarizing conditions [18] . Thus, we hypothesize that RGC-32 may promote process of DCM via regulating the imbalance of Treg/ Th17 ratio.
In this study, we examined the levels of plasma RGC-32 and the frequencies of circulating CD4 + RGC-32 + T cells, Th17 and Treg cells, and evaluated the relationship between the expression of RGC-32 and the frequency of Th17 or Treg cells as well as Treg/Th17 ratio in patients with DCM.
Materials and Methods

Study population
Between January 2013 and December 2016, 41 DCM-diagnosed patients without detectable etiology newly hospitalized and 39 healthy control (HC) subjects from Changhai Hospital, Second Military Medical University (Shanghai, China) were enrolled in this study. The diagnosis of DCM was based on the revised criteria established by the 1995 World Health Organization ⁄International Society and Federation of Cardiology Task Forceon the Classification of Cardiomyopathy [19] . In this investigation, DCM was defined as systolic dysfunction [left ventricular ejection fraction (LVEF) < 45%] with ventricular dilation [left ventricular end-diastolic diameter (LVEDD) > 55 mm] in the absence of an apparent secondary cause of cardiomyopathy, such as coronary heart disease, hypertensive heart disease, or valvular heart disease [20] . The exclusion criteria included ischaemic cardiomyopathy, hypertrophic cardiomyopathy, hypertensive heart disease, a history of uncontrollable or untreated hypertension for at least a year before the documentation of LV Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry dysfunction, and other secondary cardiomyopathies such as sarcoidosis and amyloidosis, the presence of significant coronary artery stenosis on angiography and non-ischaemic DCM secondary to valvular heart disease, systemic hypertension, cardiac surgery or acute myocarditis, excessive alcohol abuse, pregnancy, endocrine disease, active infectious disease or collagen disease, medical history of autoimmune disease [12, 21] . All subjects gave written informed consent and the protocol was reviewed. This study was approved by the Ethic Committee for Application of Human Samples, Second Military Medical University. The baseline characteristics of all enrolled subjects are presented in Table 1 .
Blood samples
Heparinized peripheral blood samples (10 mL) were obtained from all subjects after an overnight fast. Anticoagulated whole blood (2 mL) is examined for the flow cytometer (FCM) within 4 h. Plasma were stored at -80℃for enzyme linked immunosorbent assay (ELISA) assays. PBMCs were isolated using Ficoll Hypaque (GE Healthcare Life Science, Shanghai, China) as previously described [22] for further culture.
Plasma cytokines ELISA assay
The serum levels of RGC-32, TGF-β1, IL-10, IL-17 and IL-22 were quantified using cytokinespecific ELISA kits (RGC-32 kit from Biomatik, Wilmington, DE, USA, and the rest kits from eBioscience, San Diego, CA, USA) according to the manufacturer's instructions. + RGC-32 + T cells was performed by flow cytometry using intracellular staining as previously described with minor modifications [23, 24] . Briefly, Aliquots of heparinized whole blood (100 μL) and cultured PBMCs were surface labeled with antibodies of each subpopulation for 15 min at room temperature (RT). Erythrocytes were lysed using lysing solution. Following fixation and permeabilization, intracellular staining of FoxP3, IL-17, and RGC-32 was performed according to the manufacturer's instructions. For intracellular cytokine staining, cells were stimulated with 50ng/mL PMA (Sigma-Aldrich) and 1 mg/ml ionomycin (Sigma-Aldrich) for 4 h, and GolgiPlug was added for the last 2 h (BD Biosciences). The cells were analyzed by FCM (FASCcan or FACS Vantage SE; BD Biosciences). Data analysis was performed using CellQuest software (BD Biosciences).
Plasmid, siRNA and PBMCs transfection
The human RGC-32 expression plasmid (pcDNA3.1-RGC-32) was constructed as previously described [25] . After freshly isolated PBMCs were cultured in standard supplemented serum-free media (Gibco, Auckland, USA ) for 24h, a part of cells were nucleofected with RGC-32 or control plasmids using Nucleofector (Amexa Biosystems, Cologne, Germany) according to the manufacturer's instructions and as previously described [26] . For transient knockdown of RGC-32, siRNA against human RGC-32 (Santa Cruz Biotech, Santa Cruz, CA, USA) was nucleofected into the resting PBMCs using Nucleofector kit for human primary T cells (Amaxa, Gaithersberg, MD, USA) according to the manufacturer's instructions. A scrambled siRNA was used as control [8] . The efficiency of transfection for RGC-32 was confirmed by Western blotting.
Cells treatments
Cells were harvested at 48 h after PBMCs transfection. And then, cells were stimulated with 4μL/ mL phorbolmyristate acetate (PMA)/Ionomycin mixture (Lot LK-CS1001, Liankebio, China) for 6 h in the presence of 4μL/mL BFA/Monensin mixture (Lot LK-CS1002, Liankebio, China) [23] .The proportions of cells CD4
+ IL-17 + Th17 and CD4 + CD25 + Foxp3 + Treg cells were determined by flow cytometry analysis and the levels of TGF-β, IL-10, IL-17 and IL-22 in the supernatants were measured by ELISA.
Statistical analysis
Statistical analyses were performed in the SPSS 19.0 statistical software package. For comparison between two groups, data were analyzed with the Student's t test, and One-way analysis of variance (ANOVA) was used to evaluate the differences among multiple groups Pearson correlation was applied to assess correlation analysis. A two-tailed p < 0.05 was considered as statistically significant.
Ethical Approval
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
Informed Consent
Informed consent was obtained from all individual participants included in the study. (Fig. 1A , B, and C). Interestingly, alongside increased RGC-32 levels, the frequency of Th17 was significantly elevated and while the frequency of Treg cells was significantly reduced in DCM patients compared to healthy subjects ( Fig. 1 D, E , F, and G). Treg/Th17ratio may be important in the development/prevention of autoimmune diseases [27] . The Treg/Th17 ratio was significantly decreased in patients with DCM compared to healthy control subjects (Fig. 1H) .
Results
Patients with DCM Exhibit Elevated Levels of Plasma RGC-32 and Circulating Th17 cells
Dysregulated Cytokine Profile in Patients with DCM
Augmented immunoactivation in patients with DCM was also reflected by an increased number of plasma Th17-produced proinflammatory cytokine IL-17 and IL-22 concentrations (Fig. 2 A) . In contrast, the peripheral blood levels of Treg-generated immunosuppressive cytokine TGF-β1 and IL-10 were significantly reduced in patients with DCM (Fig. 2B) . These data were consistent with the frequencies of circulating Th17 and Treg cells. Therefore, our results demonstrate that the plasma cytokine milieu and immune cell profiles in patients with DCM are skewed toward a proinflammatory phenotype.
Correlations of RGC-32 Levels with Frequencies of Treg and Th17 cells and Treg /Th17
Ratio To explore whether there was a relationship between RGC-32 expressions and frequencies of Th17 or Treg cells, correlation analyses were performed. As shown in Fig 3 A , levels of RGC-32 did not correlate with the frequencies of circulating Treg and Th17 cells as well as ratio of Treg/Th17 in healthy subjects. Strikingly, elevated levels of RGC-32 in DCM patients exhibited a positive relationship with frequency of Th17 and a negative correlation with frequency of Treg and ration of Treg/Th17 cells (Fig 3 B) , suggesting that expressions of RGC-32 may play an crucial role in the imbalance of Treg/Th17 ratio in patients with DCM. 
Fig.3
Cell
Dysregulated Expression of RGC-32 Affect the Frequencies of Treg and Th17 Cells
To determine whether alterations of RGC-32 expression affect proportions of Treg and Th17 cells, PBMCs from patients with DCM and healthy control subjects were transfected with RGC-32-plasmid or RGC-32-siRNA for 24 h as described in Materials and Methods. As shown in Fig 4A, RGC-32 protein expression was effectively upregulated and reduced using the RGC-32 specific plasmid and siRNA, respectively. FCM analysis showed that the overexpression of RGC-32 resulted in the increment in Th17 frequency and the reduction of Treg frequency, whereas downregulation of RGC-32 expression declined the frequency of Th17 cells and promoted the elevation of Treg cells (Fig 4B and 4C) . The levels of IL-17 and TGF-β1 were consistent with the expressions of Th17 and Treg (Fig 4D and 4E) . Similar secretion of cytokines was observed in cytokines IL-22 and IL-10 (data not shown).
Discussion
In this study, we demonstrated that the elevation of plasma RGC-32 in patients with DCM and found that the aberrant expressions of RGC-32 affected the proportions of Treg and Th17 cells. It is noteworthy that the levels of RGC-32 negatively correlated with the Treg/Th17 ratio in DCM. These data suggest that RGC-32 may be contributed to the process of DCM by modulating the Treg/Th17 ratio, which potentially serves as new target of DCM treatment.
Accumulating evidence demonstrated the dysregulated expression of RGC-32 in human malignancies, hyper-immunoglobulin E syndrome, and fibrosis. RCG-32 expression is upregulated in cutaneous T cell lymphoma, colon, ovarian, and breast cancer, and but downregulated in invasive prostate cancer, multiple myeloma, and drug-resistant glioblastoma [28] . RGC-32 plays a role in the immune response which has been determined [29] . Recent studies reported that levels of RGC-32 mRNA in PBMCs were significantly higher in patients with stable SM as compared with patients who had a relapse (active disease) [8] and the RGC-32 protein expressions in macrophages and T cells were significantly increased in the colonic mucosa of patients with inflammatory bowel disease [9] . Our study demonstrates that not only the plasma RGC-32 levels but intracellular RGC-32 expression of CD4 + T cells were also significantly increased in DCM patients. The results indicate RGC-32 upregulation appears to strengthen immune activation and promote inflammatory responses.
Th17 and Treg cells play a critical role in maintaining the homeostasis. Th17 cells function as the important mediators during the pathogenesis of chronic inflammatory disorders via the production of IL-17, IL-21 and IL-22 [30] . These cells and cytokines are involved in the pathogenesis of MS, adrimycin-induced nephropathy, and other autoimmune diseases [31] [32] [33] [34] [35] [36] [37] , and promote the progression to DCM [15] . In contrast, Treg cells inhibit the immune response, inflammation, and tissue destruction by producing the anti-inflammatory cytokines (TGF-βand IL-10) and suppressing the function of other lymphocytes [38, 39] . Treg/Th17 imbalance has a crucial role in induction and maintenance of sterile chronic inflammation [40] . In this study, the frequency of Th17 cells was significantly elevated and whereas the percentage of Treg cells drastically decreased in DCM patients compared with healthy control subjects. On the other hand, the ratio of Treg/Th17 cells was lower in patients with DCM than that in healthy donors. These findings were in agreement with those of study from Wang et al. [12] . Moreover, we demonstrated the elevation of RGC-32 levels was accompanied by the increased frequency of Th17 cells. Importantly, Statistical analysis indicated the levels of RGC-32 in DCM patients displayed a high degree of correlation with the frequencies of Th17 and Treg cells as well as the ratio of Treg/Th17. Recently, several groups reported that Th17 and Treg cells can transform into each other during inflammatory environment and autoimmune diseases [41, 42] . Rus and workers [18] demonstrated RGC-32 is preferentially upregulated during Th17 cells differentiation. RGC-32 -/-mice have normal Th1, Th2, and regulatory T cell differentiation but show defective Th17 differentiation in vitro. Based on these data, we speculated that the overexpression of RGC-32 may contribute to the imbalance Treg/Th17 cells through upregulation of Th17 in DCM, but further studies are needed to verify this idea. In addition, the mechanism underlying that the levels of RGC-32 are uncorrelated with the frequencies of Th17 and Treg cells in healthy control subjects is currently unknown.
It is determined that the RGC-32 is expressed in PBMCs, lymphocytes, macrophages [8, 43] . To further examine the effect of RGC-32 on the frequencies of Treg and Th17 cells, we conducted the overexpression or downregulation of RGC-32 in PBMCs from patients with DCM, and found the expression of RGC-32 was in direct correlation with the frequencies of Treg and Th17 cells. The results further support RGC-32 can affect the frequencies of Treg and Th17 cells, and then contribute to progression of DCM by promoting the disequilibrium between Th17andTreg cells.
Conclusion
Our study demonstrated that increased levels of plasma RGC-32 positively correlated with the elevation of circulating Th17 frequency, and while negatively correlated with the decline of Treg frequency and Treg/Th17 ratio in patients with DCM. In summary, our data are the first demonstration that RGC-32 is involved in the imbalance of Treg/Th17 ratio and thereby disrupting inflammatory immune reactions occurring in the heart of DCM patients. Further studies are needed to evaluate the detailed mechanisms of RGC-32 promoting the imbalance of Treg/Th17 in patients with DCM.
